Abstract. When the method of shifting the positions of the exciters among the touchble nodes and measuring as much as possible for each excitation is used, the diagnosis model contains a large number of redundant constraints. For the problem, we make the first-order linear to the constraint conditions and build up test matrix M  . In this paper, a special method is designed to find the maximal linear independent group of the matrix M  row vector group. Using them, we can obtain the equations that are to be retained and the corresponding excitation positions 1  of the equations.
Introduction
In order to ensure the normal operation of power system and the safety of person and production equipment, the electric equipment of the power plants and substations is required to reliably ground. The power plants and substations are equipped with grounding grids. If the grounding grid is being seriously corroded, it will seriously impact on the safe operation of power system. At present, there are two main types of corrosion diagnosis for grounding grids: analysis method based on electromagnetic field theory [1, 2, 3] and analysis method based on the theory of electric power network [4, 5, 6, 7, 8] . For the analysis method based on the theory of electric power network, touchable nodes are limited in the actual grounding grid, so the rotation excitation method is widely used to accurately determine the corrosion status of the grounding grid [4, 5, 6, 7, 8] . As we know,when the current flows into the earth through the grounding wire of the grounding grid, the current is distributed according to the principle of constant current field, but it still meets the minimum energy principle. Therefore, we can set up a constrained optimization model with the minimum energy as the objective function, in which the voltage of the node is equal to the measured voltage [4, 6, 7] . By using the method of changing the positions of the accessible nodes and measuring as much as possible for each excitation, we can increase the number of constraint equations, and then limit the scope of the solution.However, theoretical analysis and the simulation results show that the number of equations are increased by using rotation excitation method, but the number of valid equations does not necessarily increase a lot. Increasing the number of constraint equations will not only increase the difficulty of solving the problem but also affect the efficiency of the algorithm.
For the optimization model, if the classical optimization algorithm is used, it can only get the local optimal solution. In order to find out the global optimal solution, the particle swarm optimization algorithm with local optimization is adopted. That is selected initial value randomly. By using the initial value, the local optimal solution is obtained by the classical optimization algorithm, and then, the optimal solution is found. At this time, the efficiency of the local optimal solution will seriously affect the efficiency of the whole algorithm. In this paper, in view of the problem that a large number of redundant constraints can be generated by using the method of rotating excitation position and multi position measurement, we show a method to eliminate redundant constraints and simplify the objective function, and then give a new algorithm to obtain the optimal solution.
Mathematical Model
For a grounding grid with node n nodes and n branches, ignoring the inductance and capacitance of each branch and acording to circuit theory, the equations of the node as follows: I is the independent current source vector under the j-th type excitation. Set 1/ , 1, 2, ,
Eq. 1 can be rewritten as follows: nodes after the corrosion of the grounding grid under the conditions of the j-th type excitation. We can establish the following grounding grid corrosion diagnosis model by using the method of changing the positions of the accessible nodes and measuring as much as possible for each excitation [6, 7] .
When 2 K n  and Eq. 5 has solution, the Eq. 5 contains redundant equations. Simulation calculation shows that, even if 2 K n  , the rank of the Jacobi matrix of the Eq. 5 is generally less than 2 K (Table 2) . That is to say, there are a large number of redundant equations in the Eq. 5. By using the calculated voltage of the node equal to the measured voltage, we can obtain the equations as follows:
When the resistance changes, the corresponding x turns into x x   , after removing the quadratic term, we have
Here, s A is the s-th column of the matrix A . Set
Near the x point, the Eq. 5 has the following approximate expansion:
Therefore, we use the rank of matrix M  to describe the number of independent equations. The following figure is a 5 6  ground grid. The number of nodes near each node is a node label. In this grounding grid, there are 26 nodes and 45 branches. The initial resistance of each branch is generated by the Eq. 10: 
The following Table 1 is based on the Eq. 10 to get the initial value of a set of branch resistance. We randomly selected four branches, the four branches of the serial number is: 3, 20, 30, 34. And we assume that the four branches of the larger corrosion, the new resistance value is 2 The rank of the test matrix M  is 36, which is obtained by using the method of rotation excitation position and multi position measurement. At this time the matrix M  is the 100 45  order matrix. This shows that there are 100-36=64 redundant equations. The following Table 2 is randomly generated a reference point and 10 touchable nodes. After simulation 1000 times, the corresponding test matrix rank and the number of occurrences are as follows： Table 2 show that a large number of redundant equations will appear in the process of corrosion diagnosis by using the method of rotation excitation position and multiple measurements. And the number of nodes, the greater the number of redundant equations. The existence of a large number of redundant equations has a serious impact on the computational efficiency of the algorithm. Therefore, it is necessary to remove redundant equations from the model.
In this paper, we use the following elementary transformation method to find the maximal linearly independent group of a row vector group of matrix M  .
Algorithm 1:
Step1:
With the method of elementary row transformation, we can transform
into the matrix that the first non zero element of each line is 1. When two rows of the matrix are exchanged, the number of the rows are corresponding transformed. Finally, we can get the line index When the random selection of a reference point and 10 points different from the reference point as touchable nodes, the corroded branches 3, 20, 30, 34 can be detected, by running the algorithm 500 times in this paper.
Conclusion
This paper aiming at receiving a large amount of redundant constraints of grounding grid corrosion diagnosis algorithm model by using the method of rotation excitation location and every incentive, multiple measurement, design a method to find the redundant equation. On this basis, we removed the redundant equations from the optimization model. The item from the excitation position of the objective function without independent equation is deleted, so we obtain the simplified model. In this paper, the specific steps of the algorithm are given. And the corrosion diagnosis of grounding grid is simulated in this paper. Theoretical analysis and simulation results show that the proposed method can effectively simplify the model. The simulation results aslo show that the simplified model can be used for corrosion diagnosis of grounding grid.
